SUMMARY A prospective randomized trial of 40 duodenal ulcer patients is reviewed. The patients had one of four operations (selective vagotomy, proximal gastric vagotomy, selective vagotomy plus pyloroplasty, or proximal gastric vagotomy plus pyloroplasty). The gastric emptying of a hypertonic fluid meal was assessed before and three to four months after operation. Selective vagotomy without a drainage procedure results in gastric retention and should no longer be considered as a method of treatment for duodenal ulcer. Proximal gastric vagotomy without a drainage procedure does not lead to gastric retention. Initial gastric emptying is more rapid after proximal gastric vagotomy but the final emptying time is the same as before operation and this operation alters the pattern of gastric emptying less than the other operations. Pyloroplasty added to either selective or proximal gastric vagotomy results in loss of the normal regulation of gastric emptying, very rapid initial gastric emptying, and a significant increase in the incidence of 'dumping'. It appears from these studies that 'dumping' is due to rapid gastric emptying and mainly due to the drainage procedure.
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Vagotomy combined with a drainage procedure is now established as the elective method of treatment for duodenal ulceration by the majority of surgeons in Britain. However, over the last 15 years it has become increasingly clear that some patients develop sequelae, such as diarrhoea, 'dumping', or vomiting, which seem to be directly related to the operation (Goligher, Pulvertaft, Irvin, Johnston, Walker, Hall, Willson-Pepper, and Matheson, 1972) . Amdrup and Jensen (1970) and Johnston and Wilkinson (1970) suggested that these sequelae could be minimized or abolished by performing a proximal gastric vagotomy without a drainage procedure. (Synonyms are highly selective vagotomy, parietal cell vagotomy, selective proximal vagotomy.) Proximal gastric vagotomy denervates the acidsecreting area of the stomach but preserves the innervation to the gastric antrum. Burge, MacLean, Stedeford, Pinn, and Hollanders (1969) (Clarke, McFarland, and Williams, 1972b) a pyloroplasty was included in all operations on the second 20 patients in the trial. The pyloroplasty was performed with both types of vagotomy so that once again the only difference between the two groups was the presence or absence of antral innervation.
TECHNIQUE OF OPERATION
The technique of proximal gastric vagotomy used in this trial has been described previously (Clarke, Allan, and Williams, 1972a operation began with a proximal gastric vagotomy and duodenal stenosis was excluded by finger palpation via a 4 cm gastrotomy in the body of the stomach. The type of vagotomy was then randomly selected. If a proximal gastric vagotomy was selected, the operation was concluded by confirming that the vagal nerve supply to the antrum was intact. Modified electrodes from a Burge vagotomy stimulator (Burge and Vane, 1958) were applied to the main vagal trunks at the hiatus and stimulation resulted in visible antral contractions (atropine abolishes this response and is avoided in premedication). If a selective vagotomy was selected the left gastric bundle, including the nerves of Latarjet (Latarjet, Cluzet, and Wertheimer, 1921) , was divided close to the antrum.
The last 20 patients in the trial had a 3 to 4 cm Weinberg (1964) pyloroplasty.
GASTRIC EMPTYING TESTS
The pattern of gastric emptying of a fluid 'meal' was assessed before operation and between three and four months after operation. With the patient fasted for 12 hours a 12F nasogastric tube with a radioopaque line was passed into the stomach. The tube was positioned radiographically to ensure that the tip of the tube was in the body of the stomach just proximal to the antrum and that the tube was not coiled. Residual gastric contents were aspirated and measured; the stomach was then washed out with water until the washings were clear.
The patient drank 750 ml of 10% dextrose solution as rapidly as possible (within four minutes) and remained seated until the completion of the test. The volume of the gastiic contents were assessed by a double sampling dye dilution technique (George, 1968) at 10-minute intervals for the first 100 minutes and thereafter at 20-minute intervals until the volume of the gastric contents had fallen to 20 ml. Phenol red was chosen as the dye as it is minimally absorbed or adsorbed in the stomach (Clarke and Williams, 1971) .
For ease in estimating the concentration of the dye in the gastric aspirate the concentrated stock solution ofphenol red contained 50 ppm and approximately 100 ,uCi per litre of radioactive phenol red (phenol red S35). The concentration of phenol red in the samples of gastric aspirate and in the concentrated stock solution were then determined by liquid scintillation counting. Samples of the gastric aspirate or the stock solution, each of 0.2 ml, the latter diluted 1:10 for the analysis to prevent 'quenching', were placed in glass vials and mixed with 4-5 ml of 2-methoxyethanol and 10 ml of toluene containing 6g per litre of butyl PBD. The vials were then counted for 10 minutes in an automated liquid scintillation counter at 2.3 attenuation with a vindow opening of 50 to 1000. The counts obtained were used directly in the formula of George (1968) to determine the gastric volumes. The complete emptying pattern for each patient was then ascertained by plotting the gastric volumes against time. To enable a statistical comparison to be made between the patterns of gastric emptying two criteria were taken for comparison; the initial emptying time and the final emptying time. 'The initial emptying time' was the time taken by the stomach to empty half the volume of the dextrose 'meal'. 'The final emptying time' was the time taken for the volume of fluid in the stomach to fall to 20 ml.
Results

PREOPERATIVE GASTRIC EMPTYING
A similar preoperative pattern of gastric emptying is found for all patients in the trial. The 40 gastric emptying patterns have been superimposed in fig. 1 by charting all the estimations of gastric volume at each sampling interval. The two highest and two lowest estimations of gastric volume at each sampling interval are in the stippled areas and the other 36 gastric volume estimations at each sampling interval are in the hatched area.
The average gastric emptying pattern for the 40 patients is also shown. The average initial emptying time for the 40 patients is 69 minutes (range 34 to 124 min) and the average final emptying time is 168 minutes (range 90 to 220 minutes).
The average initial emptying time ( ± SEM) and the average final emptying time (± SEM) have been calculated for the 10 patients in each of the four operation groups and the statistical differences between the groups assessed by Student's t test (table I) .
The only significant difference in preoperative gastric emptying is between the patients in whom a proximal gastric vagotomy without pyloroplasty was later performed and the patients in whom a selective vagotomy with pyloroplasty was later performed. The results of the tests of the rate of gastric emptying of a 10 % dextrose fluid meal.
The average initial gastric emptying time is shown as the time taken for the volume offluid in the stomach to reduce to 37S ml and the average final emptying time is that taken for the fluid in the stomach to reduce to 20 ml. group.bmj.com on October 29, 2017 -Published by http://gut.bmj.com/ Downloaded from operatively is highly significant (p <0001) ( fig. 3 ). The stomachs of six patients had not emptied by the end of the gastric emptying test at five hours. The volume of the dextrose 'meal' remaining in the stomach at five hours varied from 25 ml to 175 ml. The patient with the greatest degree of gastric retention had the gastric emptying test repeated six months after operation when the five-hour gastric residue had fallen from 175 ml to 80 ml. The average emptying pattern before and after this operation is shown in the top diagram of fig. 4 and illustrates the tendency for more rapid initial emptying, the prolonged final emptying, and gastric retention.
Gastric food residue was present in all patients in this group before the start of the gastric emptying tests.
Proximal gastric vagotomy without pyloroplasty In seven patients the initial emptying times are shortened by the operation, but three patients have similar initial emptying times before and after operation. The average reduction in the initial emptying times from 59 min to 29 min is significant (p < 0.02) (fig. 2) fig. 4 Branson (1971) were able to produce 'dumping' in susceptible individuals by this means.
Preoperatively no 'dumping' or diarrhoea or nausea was produced by the tests.
Postoperatively eight patients developed 'dumping' during the gastric emptying tests and seven patients developed diarrhoea during or soon after the tests; in six of these seven patients the diarrhoea followed 'dumping' and in this context was clearly part of the 'dumping' syndrome. The (Hunt and Knox, 1968) . Operative interference with this segment of the stomach, either by denervation or pyloroplasty, may lead to alterations in the rate of gastric emptying and to postvagotomy sequelae. The idea of treating patients with duodenal ulceration by vagotomy without a drainage procedure is therefore attractive.
It became clear, soon after vagotomy was introduced for the treatment of duodenal ulceration, that some form of drainage procedure was required with truncal vagotomy (Dragstedt and Camp, 1947) . Burge and his colleagues (1969) suggested that selective vagotomy without a drainage procedure is not followed by gastric retention if duodenal stenosis is absent as pyloric innervation is preserved via a branch of the hepatic nerves from the anterior vagus. Selective vagotomy without a drainage procedure is followed by gastric retention in dogs (Shiina and Griffith, 1969; Kilby and Griffith, 1971; Interone, Del Finado, Miller, Bombeck, and Nyhus, 1971 ). In man, Franksson (1948) abandoned selective vagotomy without a drainage procedure because of gastric stasis and even when duodenal stenosis has been carefully excluded gastric stasis tends to develop (De Miguel, 1970; Clarke etal, 1972b) . The present results suggest that a drainage procedure is necessary with selective vagotomy. Does proximal gastric vagotomy require a drainage procedure?
In the dog, Amdrup and Griffiths (1969) and Interone and his colleagues (1971) assessed radiologically the gastric emptying of milk and meat before and after proximal gastric vagotomy without a drainage procedure; gastric emptying was unaltered by the operation. In man, Amdrup, Johnston, and Goligher (1970) have found no gastric stasis in 110 patients treated by proximal gastric vagotomy without a drainage procedure. The present results also indicate that peservation of vagal innervation to the antrum, by proximal gastric vagotomy, allows a drainage procedure to be omitted provided duodenal stenosis is absent. However, the antral innervation must be carefully preserved as inadvertent damage to the antral nerve supply will mean that a selective vagotomy is performed and gastric stasis may develop.
What effect does a pyloroplasty have on the rate or adequacy of gastric emptying? McKelvie (1970) , Colmer (1971) , Cobb, Marks, and Louw (1971) , have all shown that a truncal vagotomy and pyloroplasty results in very rapid initial gastric emptying, particularly when the patient is positioned so that the gastric outflow is the most dependent part of the stomach. However, these reports do not differentiate between the effect of the vagotomy and the effect of the pyloroplasty on the change in emptying pattern following operation. The present results show that vagotomy either of the parietal cell area of the stomach or of the whole stomach usually results in 306 group.bmj.com on October 29, 2017 -Published by http://gut.bmj.com/ Downloaded from increased rapidity of initial emptying. When a pyloroplasty is added to the vagotomy a further significant increase in the rate of gastric emptying occurs. Therefore, both a vagotomy and a pyloroplasty increase the rate of gastric emptying, the one adding to the effect of the other. Clearly, therefore, to minimize rapid gastric emptying after vagotomy operations a drainage procedure is best avoided.
What is the relationship of postoperative 'dumping' to the rate of gastric emptying and to the type of operation performed? Humphrey, Wilkinson, and Johnston (1972) used a hypertonic fluid meal to assess gastric emptying and the incidence of 'dumping' one year after truncal and selective vagotomy with pyloroplasty and proximal gastric vagotomy without a drainage procedure. Compared with a group of duodenal ulcer patients before operation, patients after truncal vagotomy and pyloroplasty emptied significantly faster while those after the other operations did not. 'Dumping' followed the test meal in significantly fewer patients after proximal gastric vagotomy than after the other operations. Our results also show that postoperative 'dumping' is associated with rapid gastric emptying and to the addition of a drainage procedure to the vagotomy.
The aim of duodenal ulcer surgery is clearly to cure the ulcer without altering the gastrointestinal physiology so that unpleasant postoperative symptoms develop.
